T3SS needle sample preparation
H- 13 C decoupling during acquisition. A 2D 13 C- 13 C PDSD spectrum (recorded at 14.1 Tesla, mixing time: 850 ms) of [2- 13 C]glycerol-labeled T3SS needles was recorded with acquisition times of 20 and 15 ms for direct and indirect dimensions, for a total experimental time of 5.3 days. A 2D 13 C- 13 C PDSD spectrum (20.0 Tesla, mixing time: 800 ms) of [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] C]glycerollabeled T3SS needles was recorded with acquisition times of 20 and 15 ms for direct and indirect dimensions, for a total experimental time of 4.4 days. A 2D 13 C- 13 C PDSD spectrum (20.0 Tesla, mixing time: 850 ms) of [1,3- 13 C]glycerol-labeled T3SS needles was recorded with acquisition times of 20 and 18 ms for direct and indirect dimensions, for a total experimental time of 7.5 days. A 3D 15 N- 13 C-13 C NCα-PDSD spectrum [3] [4] [5] (20.0 Tesla, PDSD mixing time: 850 ms) of [2-13 C]glycerol-labeled T3SS needles was recorded with acquisition times of 7, 7 and 20 ms, for a total experimental time of 10.8 days. All NMR spectra were analyzed using CcpNmr 6 . Experimental details about the 2D spectra recorded on selectively glucose-labeled samples were already reported in ref 1 .
Structure calculations
ssNMR cross-peaks that encode for long-range interactions were used as internuclear distance restraints with a distance range of 2-8.5Å. CNS (version 1. 21 7 ) routines were used to perform standard structure calculations. In brief, PrgI monomeric conformers were generated on the basis of intra-subunit restraints and TALOS+ 8 Figure SI7A .Inter-subunit restraints were classified into two sets: the axial one (encoding for the (i)-(i+11) interface) and the lateral one (encoding for the (i)-(i+5/6) interfaces). According to the secondary structure topology determined by ssNMR chemical shifts, axial restraints could be unambiguously distinguished (see Figure SI8 ) 1 . A second round of calculations was used to generate homotrimerPrgI conformers (i.e. trimers of subunits (i), (i+5) and (i+6)). Lateral inter-subunit restraints were introduced with the i+5/6 ambiguity during this calculation round, and we iteratively removed the most violated contributions (violation > 10Å) to solve the i+5/6 ambiguity after each iteration. A total of 6 iterations were used. 640 conformers were calculated at each iteration, and the S2 100 lowest-energy conformers were used for the violation analysis. This approach is in principle similar to protocols used in automatic software such as ARIA 9 or UNIO 10 . In a final round of calculations, PrgIhomotetramer conformers were generated by adding the axial restraints to the previous input data. A number of 400 conformers were generated for this round of calculation. A bundle of the 15 lowest-energy tetramers (see structural statistics in Table SI1 ) out of 60 conformers with few restraint violations was used to generate Figure 2 . For all structure calculations involving homo-multimers, a noncrystallographic symmetry energy term was used to enforce that different monomers stay superimposable, in order to reproduce the presence of a single subunit conformation 1 . The axial rise per subunit was computed using the bundle of 60 conformers (between subunits i+5 and i+6).
STEM analysis
STEM (scanning transmission electron microscopy) measurements were carried out at Brookhaven National Laboratory (USA). The experimental setup and sample conditions were similar to those described previously 11, 12 . Mass calibration was achieved by means of tobacco mosaic virus (TMV) particles, calibrated to 13.1 kDa/Å. The analysis of the images was done using the PCmass software. 
